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© Electric motor protector sensor. 

© An electric motor protector sensor comprises a small thermistor of low thermal inertia contained in a high 
temperature dielectric covering member in which electrical insulated lead wires are connected to opposite sides 
of the thermistor and extend out of the cover member to a current source to supply electrical current to the 
thermistor. An electrically insulating, thermally conductive silicone elastomer is positioned around the thermistor 
and lead wires to absorb forces on the sensor thereby protecting electrical contact between the lead wires and 
damage to the thermistor. Additionally, the lead wires can be twisted as extending out of the cover member and 
covered with another sleeve covering to provide improved protection against lead wire separation from 
thermistor surface electrical contact. 
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Background of the Invention 



This invention relates to an electric motor protector sensor, and more particularly, an electric motor 
protector sensor positioned in the motor windings of a sealed compressor motor. 

5 It is known in the art to use a motor protector sensor using a thermistor disposed in an opening in a thin 
inner layer of .nsulating material to expose portions of the thermistor on opposite sides of the insulating 
layer, outer thin layers of similar insulating material are provided with copper foils which are deposited 
thereon These outer insulating layers are arranged to sandwich the inner insulating layers, the deposited 
copper foils carried by the outer insulating layers typically are soldered to respective exposed portions of 

10 me thermistor on opposite sides of the inner insulating layer. The outer layer of the sensor are also bonded 
to the mner insulating layer around the copper foils for sealing the sensor. Stem portions of these deposited 
copper fo.ls extend to edges of the insulating layers where they are electrically connected to appropriate 
conductors. In this arrangement, the copper foils not only serve as heat-collecting members but also serve 
as electrical leads extending from the thermistor. When these known sensors are located within motor 

is w.nd.ngs, the heat-collecting copper foils readily conform to the winding configuration and cooperate with 
ow thermal inertia of the thermistor to permit very rapid response of the sensor to rising motor 
temperatures thereby providing desired motor protection. Such sensors are described in US Patents 
3,521,212 and 3,646,494 filed June 21, 1968 and January 23, 1970 respectively assigned to assignor of the 
instant application and incorporated herein by reference. 

20 k ™? Se x 86 " 80 ' 8 ^ 8811 USefU ' in many W^ns but are generally expensive to manufacture and 
subject to failure due to a break in electrical connection between the thermistor and the copper foil and 
external lead w.res due to shock forces to the sensor or lead wire pull-out. Such a failure of the sensor can 
easily result in the loss of the entire motor winding. 

25 Summary of the Invention 
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Accordingly, an electric motor protector sensor of the present invention comprises a small thermistor of 
low thermal inertia contained in a high temperature covering member in which insulated electrical wire leads 
are connected to opposite sides of the thermistor and extend out of the cover member to an electrical 
circuit to connect the thermistor to the electrical circuit. An electrically insulating, thermally conductive 
elastomer .s positioned around the thermistor and ends of the lead wires within the covering member to 
help absorb forces received by the sensor thereby protecting the integrity of the thermistor itself and the 
electrical contact between the lead wires and the thermistor. 

In accordance with another aspect of the present invention, there is provided an electrical motor 
protector sensor comprising a small thermistor of low thermal inertia contained in a high temperature 
covenng member in which insulated electrical wire leads are connected to opposite sides of the thermistor 
and extend out of the cover member to an electrical circuit to connect the thermistor to the electrical 
current. The wire leads extending from the covering are twisted around each other and a second hiqh 

te ^Pf ra ^ e with is formed around them to greatly improve the ability of the sensor to 

40 withstand lead wire pull-out. 

In accordance with still another aspect of the present invention there is provided an electrical motor 
protector sensor comprising a small thermistor of low thermal inertia contained in a high temperature 
covenng member in which insulated electrical wire leads are connected to opposite sides of the thermistor 
and extend out of the cover member to an electrical circuit to connect the thermistor to the electrical 

45 current. The wire leads extending from the covering are twisted around each other and a second hiqh 
temperature covering with adhesive is formed around them to greatly improve the ability of the sensor to 
withstand lead wire pull-out. Further, an electrically insulating, thermally conductive elastomer is positioned 
around the thermistor and ends of the lead wires within the covering member to help absorb forces 
received by the sensor thereby protecting the integrity of the thermistor rtsetf and the electrical contact 

so between the lead wires and the thermistor. 

It is an object of this invention to provide a novel and improved electric motor protector sensor which is 
highly reliable in operation. H is another object of this invention to provide a motor protector sensor which 
rn.nim.zes the effects of shock forces on it especially during assembly of the sensor in the winding. It is still 
another object of this invention to provide a motor protector sensor with improved protection against lead 

ss wire connection failure ("wire pulk>uT). It is yet another object of this invention to provide a motor protector 
which is of simple, rugged and inexpensive design and construction. 

Other objects, advantages and details of the motor protector sensor of this invention appear in the 
following detailed description of the preferred embodiments of the invention and from the drawings 
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Brief Description of the Drawings 



Figure 1 is a plane view of the sensor of this invention; 
Figure 2 is a section view along line 2-2 of Figure 1; and 

Figure 3 is a diagrammatic view illustrating use of the sensor within a motor winding. 
Detailed Description of the Invention 

Referring now to the drawings wherein the drawings are for the purposes of illustrating the preferred 
embodiments of the invention only and not for the purpose of limiting same. 10 in Figures 1 and 2 indicates 
the novel and improved electric motor protection sensor of this invention which is shown to include a 
tnerrmstor 12 wh.ch preferably comprises a small pellet of semiconductive material having a selective 
positive or negative temperature coefficient of resistance. Preferably, the thermistor is adapted to display 
gradually changing electrical resistance in response to change of thermistor temperature within a selected 
range and .s then adapted to display a much more rapid change in electrical resistance in response to 
farther change of temperature. Preferably, for example, the thermistor embodies a lanthanum/yttrium^oped 
banum titanate, banum strontium titanate, barium lead titanate or the like. The size of the thermistor is 
preferably very small so that the thermistor displays low thermal inertia but the size of the thermistor in the 
sensor can vary within the scope of this invention in accordance with the electrical parameters of the motor 
control system ,n which the sensor is to be used. A practical thermistor useful in sensors finding wide 
commercial application comprises a pellet of lanthanide-doped barium titanate 0.050 inches in lengtt, and 
0.070 inches .n diameter. However, other thermistors of the same material ranging in length from 0 020 to 
0.060 inches and rang.ng in diameter from 0.050 to 0.080 inches are also useful in many applications 
Typically, such ceramic thermistors are brittle and cannot withstand large impact forces 
i acco ' d f , ce witn ms invention, *e thermistor 12 is held in a covering member 14 which typically is a 
sleeve or tubular member of electrically insulating material. This material is capable of wilhstanding 
substantially elevated temperatures to which the material might be exposed in an overheating electric 
motor. For example, preferred insulating material for this purpose is a flexible radiation cross-linked 
polyv.nyl.dine fluonde such as sold commercially under the tradename "Kynar". Other materials useful in 

l«™ 9 a .? Ven m 14 j ndU ? e ' P ° lyamide reSi " S0,d mder tne Rename "Kapton". a polyethylene 
te raphthalate sold under the tradename "Mylar", or a fluorinated aliphatic hydrocarbon sucn as 
tetrafluoroelylene sold under the trademark "Teflon". In an embodiment of the sensor of this invention the 
thm covering or tube member of the sensor typically has a thickness of in the range of .006 to .020 of an 
inch and the tubing is heat shrinkabte for forming around the thermistor 12. 

In accordance with this invention opposite top and bottom surfaces 16 and 18 respectively of the 
thermistor 12 have elongated leads 20 electrically connected respectively to them for supplying electrical 
current tc , tiie .thermistor sensor as part of a motor protection circuit, as for example, as described in U S 
Patent 4,281,358 incorporated herein by reference. For example, the leads 20 comprise silver or tin-plated 
copper wires covered wrth Teflon and are soldered to the thermistor surface with pure tin, lead-tin or gold- 
tin solder material. w 

In accordance with this invention, thermistor 12 and the end portion of elongated leads 20 are 
surrounded in the thin tubular covering with flexible energy absorbing coating material 22 made from a 
cured elastomer such as a thermally conductive, electrically insulating silicone elastomer. The elastomer 
must be flexible enough to distribute forces uniformly across the ceramic surface and also absorb impact 
energy which would otherwise be transferred directly to the brittle thermistor element- Further ttie 
elastomer must have high thermal conductivity so as to allow the sensor to maintain appropriate fast 
thermal response dunng motor overheating. Typical properties of such material are 
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Hardness: 
Elongation: 
Thermal Conductivity: 
Thermal Expansion: 
Dielectric Strength: 



70-90 (shore A, points) 
50-75% 

1.5-6.0 (10- 3 )(cal/-C-cm-sec) 
1.5-2.6 (10~ 4 ) (in/in/ °C) 
400-600 (volts/mil) 



S ' C T t mP m 3 matenal iS 3 ° 0W C0min9 therma,ly c ™"e silicone elastomer member 

Q3-6605. This flex.ble energy absorbing coating 22 greatly protects the thermistor against damage due to 
external mechanical forces, especially present during assembly and installation of the motor and housing 
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In accordance with another embodiment of this invention, a second sleeve or tube 24 is provided 

flST ST"? mem ^- ^ Sl6eVe 24 iS Preferably ***** from coveri "9 14 and is of a 

SELZSSS Tk l" 9 maten 'l with an ■*«*• ■*» ^ — m* of suitable materia, is heat 
shnnkable KYNAR wrth adhes,ve on the inner diameter of the sleeve. The leads 20 are preferably twisted 
several tmes as shown in Figure 2 prior to applying the sleeve 24 which creates helical crevices intowSch 

TT d T 9 *" ^ Shrinki " 9 ° f *• Sleeve " ™ S sleeve after be'"9 heat shrunk 

around the leads 20 greatly increases the ability of the sensor device to withstand lead pull-out 

t„n l"r ^T"^ ? *" TT"' ^ ^ leadS 20 have °" e <*W end soldered to either 

the leads attached to the therm.stor top and bottom surfaces. A second sleeve 24 is positioned over at least 

J^Z l6adS - Therma " y COnductive e,ectrica,| y silicone elastomer is then 

pos.tooned around the therm.stor and attached leads, and then the covering sleeve 14 is placed over the 

ttnflT! 3 ? ** C ° Verin9 extendin9 «"* the end 01 m This entire package is 

2££T5. f S ,CO " e e,aSt ° mer and 10 heal Shrink *• first sleeve ^ «*» second sleeve with 

adhes.ve.The heating temperature for the material described above should be approximately 180'C which 
» below the standard melt temperature for the solder used to attached lead wires to the L^istor The 

ZSEZZ? "° s,eeves heat shmnk to seal - end 01 - ,eads - » e el — — 2 

This rugged sensor is then positioned within the insulated convolutions 30 of a motor winding 32 as 
shown ,n Figure 3 That is, because the sensor is thin and flexible, the sensor interleaves j£t£Z 

Twin's S 30 - ^ m0t ° r Windin9S 32 t0 3,5,6 t0 3CCUrately reSP ° nd t0 *" tem ^"" 

The sensor of the present invention has an additional advantage that, should the sensor be used in a 
pressunzed ermronment, the sensor is not adversely effected by temporary loss of pressure conditions in 

of the f -f ' W T** 935 fr ° m environment should «■» *• insulating cover 

l^ThT. J mf ? r 6 ' 3 V 9M,ed n3tUre ' * e CUfed e,aSt0mer forms «*« P rote <*on barrier to 
protect the bond of the leads to the thermistor so as not to be effected by prestation cycles. In this way 

I k « k Se " SOr 10 ° f ** invention is es Pecially adapted for use in pressurized environments 
ilh.JLSTh JIT d ^ rSto ° d , that a P referred embodiment of this invention has been described by way of 
il ustrabon but that all modifications and equivalents thereof which fall within the scope of the appended 
claims are .nc.uded within the scope of this invention. For example, atthough the leads 20 are shoTto S 
of round configurate* these leads could be narrow and flat throughout their length or could be flattened a 

£nTi'n^ 7 ne 2° n r ^ thermiSt ° r 12 " ^ modi,ications »•** might assist in assembly of the 
sensor 10 are also wrth.n the scope of this invention if they fall within the scope of the appended claims. 

Claims 



1. A sensor composing a thermistor having a selected temperature coefficient of resistance properties 

rl^ er "l Li 3V, « 9 ° Pf ? Site SUrfaCe POrt, ' 0ns for to an electrical circuit, a covering 

member of electncally insulating material in which said thermistor is contained, a pair of elongated 
electncally conductive lead members secured in electrically conductive relation to the thermistor 
surface portons and extending out from said cover member, and an electrically insulating, thermally 
conducive elastomer positioned around the thermistor within the covering member for protecting the 

T^r 3 ' f ° rCeS ^ maintainin 9 *» inte 9"'ty of the electrical contact between the lead 

45 members and the thermistor. 

2. A sensor according to claim 1 wherein said thermistor displays a selected temperature coefficient of 
reastance over a selected temperature range and displays a relatively different temperature coefficient 
of resistance over another selected temperature range. 

A sensor according to claim 1 wherein said covering member is capable of withstanding elevated 
temperatures and is heat shrinkable for encasing the thermistor ends of the lead members. 

A sensor according to claim 3 wherein said covering has a thickness of between .006 and 020 of an 

^.vvitT e -H fr ° m \ m3terial fr ° m "* 9r ° up Consistin 9 «* a radiati °» Alined 

tetaafluOToeM ' temperature ^^ ide «*in, * polyethytene tetraphthalate and 
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^ndrZSS t0 T ! V*" inCludin9 a sleeve member ■*«« ^id covering member for 
enc.rcl.ng said lead members to improve the ability of the sensor to withstand lead member pullout 

tilTeraro^^Vltt 5 T"™ eXtendi " 9 from «"" membe ' «• 

fr^ ^. 0 * er . the i reb V crea *"9 crevices between the wires and said sleeve member is 

fTSn r a " etectncal,y ' nsulatin 9 material with a " ^hesive for adhering to the lead members and 
flowing into said crevices when heated. 

n\aTcurIb^ di ^ * ' ****** inSU,ating ' condu <*ve elastomer is 

A sensor according to claim 7 wherein said thermally conductive elastomer has the properties of: 



Hardness: 
Elongation: 
Thermal Conductivity: 
Thermal Expansion: 
Dielectric Strength: 



70-90 (shore A, points) 
50-75% 

1.5-6.0 (10- 3 ) (cal/'C-cm-sec) 
1.5-2.6 (10-+) (in/in/ *C) 
400-600 (volts/mil) 
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30 



?h TT" 9 3 thermiSt0r havi " 9 a 86,6016(1 *«npe«ture coefficient of resistance properties 
SJET . ° PP0Si,e SUrfaCe P 0 " 10 " 3 ,0r °°«»CDon to an electrical circuit, a covering of 
!T 9 ,!! atenal " Wch ^ thermistor is contained - a P«* of elongated e.ectri^lly 
Z extnd nf "IT in e,eCtriCa " y conduciw r6,ation 10 thermistor surface portions 

5irJ?£? ^ ^ member ' and 3 means ° f elecfrical| y i"s»'a«ng material 

adjacent said covering member for encircling and engaging said lead members to improve the ability of 
the sensor to withstand lead member pullout. 

1 °" il^™**^ 9 Wherein 831,1 ' ead membere extendin 9 from cover member are 

tested around each other thereby creating crevices between the wires and said electrically insulating 

whThe^ ^ adheSiV8 ' inin9 ** adherin9 t0 ^ memberS and ,,0win9 into ■* ™S 
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LTZ^X T ^ inC,Udin9 3 thermal,Y cond ^ e,astomer P°*»* around 
said thermistor wrthin the covering member for protecting the thermistor from external forces and 

maintam.ng the .ntegrrty of the electrical contact between the lead members and the thermistor 
12. A sensor according to claim 11 wherein said thermally conductive enclosure has the properties of: 



Hardness: 
Elongation 
Thermal Conductivity: 
Thermal Expansion 
Dielectric Strength 



70-90 (shore A t points) 
50-75% 

1.5-6.0 (10-3) (cal/'C-cm-sec) 
1.5-2.6 (10- 4 ) (in/in/- C) 
400-600 (volts/mil) 
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13 " 1 S hT aa ^"° t0 daim 12 Wherei " S3id S6nSOr is heated after assem °'V to cure said thermally 
conductive elastomer and to sealingly secure said sleeve to said lead members and said covering to 
said elastomer and said thermistor. " 

14 ' i^Tl ^f 0 " * 8 m0t ° r Windin9S ° f 3 m ° tor com P^ing a thermistor having a selected 
^ra coeft^ o r^ properties, said thermistor having opposite surface portions for 
connect™ to an electnca. circuit, a heat shrinkable covering member of high temperature electrically 

TmS h " ^ Ch Said * ermiSt ° r iS COntai " ed 3 *" * elon9ated *c«c!!y conductive^ 
members secured ,n electrically conductive relation to said thermistor surface portions and extending 
out from sa,d cover member, at least a portion of sad lead members extending out from sS^over 
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member being twisted around each other thereby creating crevices between the wires a sleeve 
member of heat shrinkable high temperature electrically insulating material with an adhesive lining for 

I T "T^ 8 "* fl ° Win9 int ° "** CreviCes when heated - ™« a curable flexible 
thermally conductive electrically insulative elastomer positioned around the thermistor within the 
covering member for protecting the thermistor from external forces and maintaining the integrity of the 
electncal contact between the lead members and the thermistor ^ y 
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FIG. 2 
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